ABSTRACT
INTRODUCTION
There are 15 species of the genus Carthamus L., which belong to the Compositae (Asteraceae) plant family. These self and cross pollinating species are found as either annual or perennial, and grow in the wild or are cultivated around the world [ 1 ] . Six species are native to Iran, of which C. tinctorius is cultivated in different parts and C. oxyacanthus grows in the wild in the central and western areas of the country [ 2 ] . Traditionally, the crop was cultivated for its flowers, which were used as coloring and flavoring ingredients in foods, making dyes and in medicine. The water extract of this flower could be used instead of saffron because it is more economical [ 3, 4 ] . In recent times, the plant is mainly cultivated for its seed. The seed (achene) of this species is composed of three main parts: seed coat (pericarp), germ and cotyledons. The varying color patterns usually seen on the seed coat is genetically controlled by one or two loci [ 5 ] . The seed coat in the cultivated safflower is either white or cream. Sabzalian et al. [ 6 ] discovered a new pattern of black seed coat color in wild safflower, C. oxyacanthus. This trait was transferred via hybridization from the accession of C. oxyacanthus with black seeds to the cultivated safflower, and a strong relationship was found between seed coat color and resistance to the safflower fly (Acanthiophilus helianthi). Also, 1000-seed weight of black seeds was higher than the white one. 6 Seed oil suitable for human consumption and industrial purposes was also extracted from the wild safflower, indicating that the seed coat color has no negative effect on seed oil content and quality [ 7 ] . High levels of various phenolic compounds such as lignin and flavonoids have been detected in seed of safflower [ 8 ] . The relationship between seed color with total phenolic and flavonoid contents, as reported by Shen et al. [ 9 ] and Thaddi et al.
[ 10 ] , may increase the popularity of plant varieties with pigmented seeds in food and medicinal industries in the future [ [9] [10] [11] [12] [13] [14] ]. The colored seeds may also have lethal effects on some insect pests like the safflower fly which feeds on safflower seeds. This insect poses a great threat in safflower seed cultivation in many countries around the world such as Asia by causing severe decrease of crop yield [ 15 ] . In Iran, seed yield loss of safflower through insect attack has been estimated in the range of 30-70% [ 6 ] . Although, chemical controls may be effective to manage the safflower fly damage, this approach is not always satisfactory because of the polyphagous nature of this insect [ 16 ] , expensive pesticides and the adverse effect of pesticides on some beneficial insects. Additionally, there are several reports of the positive correlations between pesticide exposure and some cancers like brain, breast and prostate cancers [ 17 ] . It may be possible that host plant-resistance is an ecofriendly approach for pest management and simultaneous environmental conservation [ 18, 19 ]. Colored seeds may also contain some anti-nutritional properties for non-insect consumers [ 20 ] and therefore, before releasing any variety of safflower with modified seed coat color, it is of great importance to identify its nutritional consequences compared to white coated varieties. In spite of beneficial properties of black-seeded genotype (named A82), safety evaluation before routine use of this seed as food additive is necessary. Therefore, the present study was undertaken to evaluate the probable toxicological effects of the new pigmented variety of safflower seed, A82, in rat.
MATERIALS AND METHODS

Preparation of the seed suspension
The plant materials included the black seeds of a novel safflower breeding line (named A82), a white-seeded safflower genotype derived from Kooseh land race (named C111) and the Canadian genotype of Ac-Stirling (Fig. 1) . The breeding line A82 was the result of interspecific hybridization between C111, the female parent, with a black-seeded genotype of wild safflower (C. oxyacanthus), and following advanced generations of back crossing and selfing, a uniform population of safflower with black seed coat was obtained (Sabzalian MR, unpublished) . Seeds were harvested from a field trial in which genotypes were planted in a randomized complete block design at the Research Farm of Isfahan University of Technology, Isfahan (32˚ 32´ N and 51˚32´ E, 1630 m asl). A random sample of seeds was ground and mixed with distilled water to prepare suspensions of 30, 60, 180 and 240 mg/kg to be used as treatment doses. 
Animals
In this study, 78 healthy adult male Wistar rats (8-10 weeks old, 160-180 g) obtained from Ahvaz Jundishapur University of Medical Sciences, Experimental Research Center, were used. The study was approved by the ethics committee of Jundishapur University and carried out following the guidelines provided. The animals were kept under standard laboratory conditions (12 h-dark and 12 h-light cycle, relative humidity of 50 ± 5% and 22 ± 3°C) for at least one week before the experiment and conditions were maintained until the end of the experiment. Animal cages were kept clean, while commercial food (pellet) and water were provided ad libitum.
Experimental design
The animals were randomly divided into three treatment groups of 24 and a control group with 6 animals. Each treatment group was divided into four subgroups of six animals each. At the beginning of the experiment, the animals were weighted. The control group received 0.2 mL normal saline by gavage for 5 weeks. The experimental groups received a suspension from one of A82, C111 and Ac-Stirling seeds [ 21 ] through a feeding needle (oral administration) in doses of 30, 60, 180 and 240 mg/kg/day for 5 weeks. Changes in body weight, behavior and possible appearance of symptoms in the rats were carefully recorded every day after each treatment. One day after the last administration, blood sampling was performed, and the rats were finally sacrificed by cervical dislocation under ether anesthesia, and liver, kidneys, heart, spleen, brain and testicles from each animal were removed quickly and weighed. The testicles from each animal were then fixed in Bouin's solution and the other tissue samples were immediately transferred into 10% formalin for histological assessments.
Measurement of serum biochemical markers
Collected blood samples were centrifuged to obtain the serum. The serum enzyme levels, including serum alanine aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline phosphatase (ALP) as marker enzymes of hepatotoxicity and blood urea nitrogen (BUN) and creatinine (Cr) as markers of nephrotoxicity, were assessed using commercially available kits (Sigma).
Testosterone assay
Serum and testicular testosterone concentration was measured by the enzyme-linked immunoassay (Testosterone ELISA Test Kit) method as previously described [ 22 ] .
Histological assessments
All tissue samples were embedded in paraffin and sections with 4-5 µm thickness were made using microtome. Then, sections were stained hematoxylin-eosin (H & E) and observed under a light microscope to observe histological changes. Six microscopic stained slides per animal were examined for signs of histological assessments. Maturity of the germinal epithelium was graded by using the modified Johnsen's scoring method. This is a simple way for assessing the spermatogenesis. By using a x40 magnification, 150 tubules per animal were evaluated and each tubule was given a score ranging from 1 to 10. The tubules having complete inactivity were scored as 1 and those with maximum activity (at least five or more spermatozoa in the lumen) were scored as 10 [ 23 ] . Three observers, who were blinded to the control and experimental groups, analyzed the sections independently.
Statistical analysis
Statistical analysis was performed using SPSS software v. 19.0. Comparisons between multiple groups were evaluated using one-way analysis of variance (ANOVA), followed by least significance difference (LSD) test. The data were presented as means ± standard deviation (SD), and p < 0.05 was considered as the level of statistical significance.
RESULTS
Body and organ weight
No animal was found dead or in a moribund state during the experiment. There were also no treatment related clinical signs such as lethargy, ataxia, etc. In experimental groups, dose dependent significant increases (p < 0.05) in the body weight were observed. The increase in body weight in A82 seed treatment was significantly higher than the white seed treated animals (p < 0.05). Ac-Stirling seed groups showed more elevation in body weight in comparison to C111 seed treated animals. The safflower seeds had no effect on the organ weights of liver, kidney, spleen, heart, brain and testis. These results are reported in Table 1 . Biochemical markers ALT levels in the experimental groups were slightly decreased in comparison with those in the control group. AST levels in the experimental groups were significantly increased in comparison to the control group (p < 0.05). ALP levels in the experimental groups were significantly decreased in a dose dependent manner. These alterations were more prominent in A82 seed treated animals especially at the dose of 240 mg/kg. BUN and Cr levels in experimental groups were similar to the control group. There were no significant differences in biochemical tests among the three experimental groups. These results are shown in Table 2 . Values are expressed as mean ± SD for 6 rats. *p < 0.05, # p < 0.5, * and # symbols indicate comparison to the control and A82 groups, respectively.
Testosterone assay
Serum and testicular testosterone concentrations in the experimental groups were not significantly changed in comparison with those in the control group. These results are reported in Table 3 . Values are expressed as mean ± SD for 6 rats.
Histological changes
Under light microscope, liver lobular structures in the control group were clear and regular, and single layer of hepatocytes arranged around the central vein in a radical pattern. Normal architecture of liver was observed in all experimental groups. Light microscope evaluation of kidneys in the control group showed normal morphology of renal parenchyma with well-defined glomeruli and tubules. In experimental groups, kidneys showed normal appearance similar to the control group. Normal architecture of the seminiferous tubules and intact germinal epithelium were observed in the control group. In experimental groups, at the dose of 240 mg/kg, a few numbers of seminiferous tubules showed poor spermatogenesis and the mean Johnsen's score was slightly less than the control group. The results of the mean Johnsen's score are shown in Table 3 . Other tissues including heart, spleen and brain showed appearance similar to the control group.
DISCUSSION
Plant species have an array of complex chemical ingredients which can affect the whole body or a specific organ and system. Some of the chemical constituents are mild and safe, even when applied in large doses, while others may be toxic in low doses or when taken continuously. The present study demonstrated that 5 weeks administration of pigmented (A82) and non-pigmented safflower seeds (Ac-Stirling and C111) increased the body weight of Wistar rats in a dose dependent manner. This finding is in contrast to the results of Mohan et al. [ 24 ] who reported that the average gain in body weight was significantly reduced in chickens fed with diets containing 23, 35 and 48% of white seeds of safflower. Similarly, Kwon et al. [ 25 ] demonstrated that administration of white seeds of safflower for 13 weeks reduced the body weight of F344 rats. On the other hand, Koyama et al. [ 26 ] showed that consumption of white-seeded safflower did not change the body weight in healthy human. On the other hand, in the present study, organ weights did not change, indicating that safflower seed may increase appetite and consequently increase body mass. The effect of safflower seeds on appetite is yet to be investigated.
There is no documented information on the oil content of A82. However, two other varieties of Ac-Stirling and C111 have 34.00 and 30.20% oil content in seeds, respectively [ 7 ] . The higher seed oil content in Ac-Stirling compared to C111 may justify its greater effect on increasing the body weight in this study. Since A82 has more effect on body weight, it is possible that it possesses more oil content than the white seeds. As reported in the results, there was significant increase in the AST levels in experimental groups while no significant change was seen in the ALT levels in these animals. However, there were no histological changes in liver. Apart from being found in liver, the AST enzyme is also found in skeletal muscles of heart, skeletal muscle, kidneys, brain, and red blood cells. In cases involving these tissue injuries, the AST is released into the blood stream [ 27 ] . However, in this study, organ weights and histology of heart muscles, kidney and brain were normal. In liver and serum, total AST activity corresponds to two isoenzymatic activities, which are mitochondrial and cytosolic in nature. About 80% of AST activity in liver is contributed by the mitochondrial isoenzyme [ 28 ] . Thus, A82 may seed affect mitochondria and induces AST leakage from the hepatocytes. A82, as well as white seeded safflower genotypes, significantly reduced the level of ALP. ALP as a hepatotoxicity marker enzyme is localized in the bile canalicular pole of hepatocytes. In a diseased liver, this bile duct is often blocked, keeping fluid within the liver. Thus, ALP accumulates and eventually escapes into the blood stream [ 28 ] . Therefore, safflower seeds may improve liver function. Li et al. ] also demonstrated that hydroxysafflor yellow had beneficial effects on hepatic fibrosis. The present study showed that the levels of BUN and Cr were lower in the treatment groups compared to the control. The serum levels of BUN and Cr as marker enzymes of nephrotoxicity were the main indices which reflected renal injury. Histological renal changes were not observed in all experimental groups, and this observations support the results of the biochemical test. This is while, Liu et al. [ 31 ] reported that yellow A, the main segment of C. tinctorius yellow pigment, extracted from flowers, induces a slight nephrotoxicity in rats. In this study, Johnsen scores in A82 and white seed-treated groups were slightly reduced, especially at the higher doses. Variations in the Johnsen's scoring might have resulted not only from a direct effect of safflower seed on germ cell death, but also from alterations of the Sertoli cells. Nevertheless, testosterone levels in all groups, indicated that there was no toxicity effect of safflower seeds on Leydig cells. Mirhosseini et al. [ 32 ] showed that aqueous extract of safflower at a dose of 200 mg/kg had toxic effects on mouse testicular tissue and significantly reduced spermatogenesis. There are already a few reports on the possible toxicological effects of various parts of safflower on laboratory animals. Nobakht et al. demonstrated that the extract of safflower was toxic and caused hepatic, renal and brain tissue damages in mice. Since genotype A82 genotype with black seed coat color was produced from C111 genotype (with white seed coat color and as female parent) through advanced generations of back crossing and selfing, they are considered as near isogenic lines in plant breeding point of view. This means that unlike the Canadian line of AcStirling, they have approximately the same genetic background. Therefore, it could be concluded that significant differences observed between the black-seeded A82 and white-seeded C111 in terms of body weight and ALP enzyme, possibly come from their discrimination regarding seed coat color. On the other hand, no significant difference between the two white-seeded genotypes (Ac-Stirling and C111) could support unimportant effect of genetic background on the studied traits.
CONCLUSIONS
Resistance to the safflower fly is one of the criteria to release safflower varieties and hybrids for cultivation in the fly affected areas. However, resistant varieties like "A82", with a new pattern of seed coat color, should avoid negative nutritional consequences on possible consumers. It seems that the new breeding line with black seed coat (A82) has no toxic effects on Wistar rats. In histological assessments, liver tissue was normal while AST levels were significantly increased in experimental groups. However, ALP and ALT levels in these animals were decrease. Future studies are required to clarify the reason of AST elevation by safflower seeds. There was no evidence of toxicity effect of A82 seeds in kidneys and other vital organs. However, slight testicular damage was observed at higher dosage of A82 seeds, hence more investigations need to be done to confirm reproduction safety of the breeding line. Also, future studies are required to clarify the mechanism by wich A82 seeds affect the body mass because the increase in body weight may be an interesting effect in the poultry industry.
